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T1rho and T2 values for the female group were lower than for the male
group, but did not reach signiﬁcance. Signiﬁcant decrease in cartilage
thickness was observed in the MTP compartment (7.07±11.5%, P = 0.05).
Conclusions: Signiﬁcant decrease in T1rho and T2 values indicates the
change in composition of the cartilage after running exercise. Reduction
in T1rho values suggest an overall increase in proteoglycan concentration
as the cartilage loses water after running. Running appears to alter
the collagen matrix structure, composition, and water content which
is shown by reduction in T2 and cartilage thickness. Larger reduction
in T1rho, T2 values and thickness in the MTP may suggest that the
medial compartment shares more load while large reduction in PAT and
TRO indicate that greater traction of patella during running results in
dehydration of cartilage tissue. The biochemical response of the articular
cartilage to functional loading could potentially be a more sensitive
biomarker of cartilage than morphological measures in the early phase
of degeneration.
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Purpose: Delayed gadolinium-enhanced magnetic resonance imaging
of cartilage (dGEMRIC) and T2 (transverse relaxation time) mapping
have been known to have a potential to evaluate degenerative changes
of articular cartilage. dGEMRIC has been developed as a sensitive and
speciﬁc method for monitoring glycosaminoglycan (GAG) in articular
cartilage. GAG is a major solid constituent of articular cartilage and is
critical to mechanical support function of cartilage. Thus, dGEMRIC could
be a useful and non-invasive method of assessing the quality of articular
cartilage.
T2 mapping is an MR imaging technique that can evaluate the collagen
structure in cartilage. It is known that T2 increases with the loss of
collagen matrix integrity and increase in water content observed in the
early stage of osteoarthritis. Thus, T2 mapping can be an ideal marker of
cartilage degeneration.
The aim of this study is to investigate the ability of delayed gadolinium-
enhanced magnetic resonance imaging of cartilage (dGEMRIC) and T2
mapping to evaluate the quality of repair cartilage after micro fracturing
procedure.
Methods: Six knees from 6 goats (6 females; aged 2–3 years) were
studied. An osteochondral defect (6mm in diameter) was created at
both medial femoral condyle and lateral femoral condyle of the left
hinder leg. Six months after the surgery, MR imaging was performed
using a 3 Tesla magnet.
Quantitative T1 measurements for dGEMRIC were performed on the
slice which passed through the center of both medial and lateral
osteochondral defects using the inversion recovery (IR) method.
Quantitative T2 measurements for T2 mapping were performed on the
same slice using the multi-spin-echo (MSE) method. T1 and T2-calculated
maps were generated using MATLAB software (Mathworks, Natick, MA)
with a mono-exponential curve ﬁt. Using MATLAB, a color-coded T1
and T2-calculated maps of the femoral cartilage, segmented manually,
was overlaid on the morphological image that had an inversion time of
1600ms and echo time of 20.6ms, respectively.
Immediately after MR imaging, the goats were euthanized and the repair
cartilage and adjacent native cartilage were extracted. The cartilage
samples were assessed for general histology using modiﬁed O’Driscol
score, and the collagen orientation of these samples were also assessed
by means of polarized light microscopy (PLM). The concentration of GAG
as well as hydroxyproline (HP) was also studied.
Results: Repair cartilage was classiﬁed as mixed cartilage or
ﬁbrocartilage. A signiﬁcant correlation was observed between GAG
concentration and T1 value (p < 0.05) as well as HP concentration and
T2 value in repair cartilage (p < 0.05). However, there seemed to be no
correlation between histological grading and T1 value as well as T2 value
in repair cartilage. There seemed to be no correlation between T2 and
collagen orientation assessed by PLM.
With dGEMRIC technique, repair cartilage at medial condyle had higher
GAG concentration than that at lateral condyle. With T2 mapping
technique, repair cartilage at medial condyle had higher collagen matrix
integrity than that at lateral condyle. These MRI ﬁndings were in good
agreement with the results of histological evaluation.
Conclusions: dGEMRIC and T2 mapping technique might have a potential
to evaluate GAG concentration and HP concentration respectively in
not only degenerative cartilage but also in repair cartilage after micro
fracturing procedure. These quantitative MR imaging techniques of
cartilage might correlate closely with macromolecular concentration,
but not with comprehensive histological grading.
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Purpose: T2 relaxation times in cartilage show differences according
to variations in macromolecular concentration, collagen orientation and
structure, and tissue hydration. Thus, T2 mapping has become a common
method for analyzing the quality of cartilage tissue using magnetic
resonance imaging (MRI). In a multi-center clinical trial, it is difﬁcult
to ensure that consistent T2 values are obtained across the different
sites. Many scanners now provide T2 mapping sequences and the ability
to generate a T2 map. These sequences and maps provide valuable
information to the clinician, especially when looking at cartilage and
cartilage repair tissue. This paper looks at the utility of these sequences
and maps in the context of a multi-center clinical trial. Speciﬁcally, intra-
site variability in the site-calculated T2 maps, intersite variability of the
site-calculated T2 maps, and a comparison of these values with centrally
calculated values from the same imaging sequences.
Methods: Ten sets of four vials containing varying concentrations of
copper sulfate (CuSO4) (5mM, 10mM, 20mM and 40mM) were imaged in
a GE 1.5T HDx magnet using a head coil to determine reference T2 values.
Five single-slice, spin-echo series were collected (TR =2000ms, TE=12,
20, 40, 60, 80ms, thickness=1mm, matrix=256, 256, FOV=17 cm, NEX=2).
Reference values of 30ms, 60ms, 121ms and 231ms were calculated
using a linear regression on the natural log of the signal intensities. A
different set of four vials was used for each magnet in this study. The
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different imaging parameters are shown in Table 1. For each sequence on
the 3T magnets, a T2 map was also obtained directly from the scanner.
Table 1. The different magnets and imaging parameters used in this
paper
ID Manufacturer Model Magnet TR(ms) TE(ms)
1 Philips Achieva 3T 1050 13, 26, 39, 65, 78, 91
2 Philips Intera 3T 1050 13, 26, 39, 65, 78, 91
3 Siemens Verio 3T 1000 12, 23, 35, 47, 59, 70
4 GE Signa HDxt 1.5T 800 8, 17, 25, 33, 42, 50, 58, 67
5 Siemens Symphony 1.5T 3900 14, 84
Results: To look at intra-site variability, the T2 values from magnet 1
were calculated from ﬁve repeated scans. The average COV for the T2
values from the site T2 maps was 6.46%. For the centrally calculated T2
values, the average COV was 3.98%. To determine the intersite variability,
the average T2 values were calculated from the site T2 maps for magnets
1–3. Results are shown in the graph. Average COV for the site values was
46.8%. For the centrally calculated T2 values, the average COV was 6.0%.
To see if the choice of imaging sequence or manufacturer greatly effected
the variability of centrally calculated T2 maps, centrally calculated T2
values for magnets 4 and 5 were added into the analysis. The average
COV for the centrally calculated T2 values 5.0%. The Pearson correlation
for site calculated values was R=0.63, and for the centrally calculated
values, R = 0.99.
Figure: Site vs centrally calculated T2 relaxation time.
Conclusions: From the results, it can be seen that there is a clear
advantage to using centrally calculated T2 values, and that using T2
values generated from the scanner introduces substantial variability. It
is also evident that it is feasible to run a multi-site clincal trial where T2
relaxation time is used as an imaging endpoint. The next step is to scan
and analyze knees imaged on multiple magnets.
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Purpose: The purpose of this study was to develop a new technique to
analyze regional variations of MR (T1rho) relaxation times in hip cartilage
on magnetic resonance (MR) images. Due to the thin and adhesive nature
of the two articular hip cartilage layers, morphological and relaxometry
analysis of this tissue have generally considered the two layers as a single
unit. However, the loading of the hip and thus the degenerative changes
in Osteoarthritis (OA) may vary locally, depending on the physical activity
being performed, anatomy of the joint, and the composition of the
cartilage, thus emphasizing the need for regional analysis of healthy and
degenerated hip cartilage. We present a methodology to automatically
divide the femoral and acetabular cartilage into regional segments using
anatomical and image coordinates for such analysis and demonstrate
regional variations in hip T1rho.
Methods: The hip joints of 10 young healthy volunteers (mean age =
26.4±4.6 years, mean BMI = 23.3±2.4) were imaged using a 3T GE MR
Scanner (GE Healthcare, Waukesha, WI). Both layers of cartilage in each
joint were segmented as a single unit by the same investigator on sagittal
3D high-resolution SPGR images using a semiautomatic segmentation
technique. A sphere was ﬁtted to the contours of the cartilage and the
center of the sphere was taken as the center of the femoral head (CFH)
for further computation. (i) Starting from CFH, the sphere was divided
into two by a plane parallel to the imaging sagittal plane, yielding medial
and lateral cartilage regions. (ii) The global cartilage region was divided
into 4 quadrants (AS, AI, PS, and PI) by vertical (pv) and horizontal (ph)
planes, parallel to the coronal and axial imaging planes respectively,
passing through CFH (Fig. 1). (iii) Each quadrant (R4) was further divided
into three equal sub-regions, for a total of 12 regions. Single exponential
decays were ﬁtted voxel-by-voxel with a two-parameter nonlinear ﬁtting
routine to calculate T1rho maps. The mean value of each sub-region was
computed after superimposing the divided cartilage contours on the
T1rho maps to quantify the relaxation times. To assess the differences in
T1rho in the sub-divided regions compared to that of the global region,
a simple Student’s t-test was performed with Boneferroni correction for
12 regions (p < 0.004).
Results: A representative T1rho map with cartilage regions is shown in
Fig. 1. The global (ie. femoral and acetabular, FA) cartilage T1rho value
of the 10 subjects was 38.1±4.9msec. The regional analysis showed
relatively lower T1rho values in the posterior superior region R6 than in
the neighboring regions and it was signiﬁcantly lower than the global
mean (P < 0.004). In contrast, the neighboring posterior superior region
R5 showed the highest T1rho value in FA cartilage (43.4±5.2ms), femoral
cartilage (39.93±4.0ms), as well as acetabular cartilage (43.2±6.4ms)
and it was signiﬁcantly (P < 0.0001) higher than the global mean (Fig. 2).
Fig. 1.
Fig. 2. Femoral-acetabular cartilage.
Conclusions: Relatively lower T1rho relaxation times in the posterior
superior region R6 (as shown in Fig. 1) may result from decreased
water content due to higher pressures on weight-bearing cartilage,
